shows the prominent physical features of the spacecraft. It is a highly reliable spacecraft of relatively simple design in which many of the components and subsystems have successfully performed on earlier missions. It hasa thermally controlled equipmentcompartment withtwo sections, one ishexagonally shaped and contains electronic units and the propellant tank, and the other is a bay which contains most of the scientific sensors and their associated electronics (the magnetometer sensor and two meteoroid detectors are external). Forward of the equipment compartment is a 2.7-m diameter parabolic reflector for the high-gain antenna. Mounted on a tripod structure forward of the reflector are the medium-gain antenna and the feed for the high-gain antenna. Three appendages are stowed within a 2.7-m cylindrical envelope at launch; they are shown in their deployed positions attained within an hour after launch. Two pairs of radioisotope thermoelectric generators (RTGs) are extended approximately 1.8 m at 120°spacing. The RTGs are retained in a stowed position for launch next to the equipment compartment and under the antenna reflector. The magnetometer sensor is located on the end of a long folding boom which, in the deployed condition, extends 5.2 m radially from the instrument side of the equipment comparmaent.
Six 4--N hydrazine thrusters are located in three clusters near the perimeter of the 2.7-m reflector. Two pairs of thrusters are aligned parallel to the spin axis for precession and velocity correction maneuvers; two thrust tangentially for spin control. Other external features include a mast-mounted, omnidirectional antenna directed aft, and a Sun sensor mounted near one of the thruster assemblies which determines the spacecraft's position in the spin cycle. Two large light shields are associated with the stellar-reference assembly, and with an optical astemid/meteroid detector.
The spacecraft electronic assemblies are located in the central hexagonal portion of the compartment, surrounding a 42-cm diameter hydrazine tank. Most of the scientific instruments' elecuonic units and internally mounted sensors are in an insmunent bay mounte_i on one side of the central hexagon. This equipment compartment is contained within a structure of aluminum honeycomb which provides support and meteroid protection. !tfis covered with insulation which, together with louvers under the mounting platform, provide thermal control. Adequate temperature is provided by dissipation of the 90 watts of electrical power within the comparmaent and by use of radioisotope and electrical heaters. The spacecraft is attitude-stabilized by spinning about an axis which is parallel to the axis of the 2.7-m reflector, the nominal spin ram for Pioneer 10 is 4.8 rpm. Pioneer 11 spins at approximately 7.8 rpm because of an inoperative thruster. During the mission, an Earth-pointing attitude is required to illuminate the Earth with the narrow-beam, high-gain antenna. Periodic attitude adjustments are required throughout the mission to compensate for the variation in the heliocentric longitude of the Earth-spacecraft line. In addition, correction of launch vehicle injection errors were required to provide the desired Jupiter encounter trajectory and Saturn (Pioneer 11 only) encounter trajectc_. These velocity vector adjustments involve reorienting the spacecraft to direct the thrust in the desired direction.
Thrusters are used to control the spin of the spacecraft, its attitude, and its velocity, as shown in Figure 1 . The precession maneuvers can be open-loop, for orientations toward or away from Earth-pointing, or closed-loop, for homing on the uplink radio frequency transmission from Earth.
For attitude control, a star sensor (Canopus) and two sunlight sensors provide reference, and three pairs of thrusters located near the rim of the antenna dish provide for orientation and roll maneuver. The star sensor on Pioneer 10 has been inoperative since the Jupiter encounter. About 4.4.7 lb of hydrazine propellant remain on pioneer 10 and about 11.3 lb remain on Pioneer 11. The magnetometer boom incorporates a hinged viscous-dampening mechanism at its attachment point, for passive nutation control. The remaining hydrazine propellant on Pioneer 10 and 11 is adequate to support the attitude control maneuvers well into the next century and will not limit the mission lifetime.
A unique characteristic of this spacecraft is the use of RTGs as the primary source of electrical power, making it independent of the Sun. Each of the four space-proven SNAP-19 RTGs converts 5 to 6 percent of the heat released from plutonium dioxide radioactive decay to electrical power. The RTG power is greatest at 4.2 volts and an inverter boosts this to 28 volts for distribution. The RTG lifetime is degraded at lower currents, therefore, voltage is regulated by shunt dissipation of excess power. At launch, the four RTGs supplied about 160 watts on each spacecraft as shown in Figures 2 and 3 . Examination of all subsystems on both spacecraft to date indicates that RTG power is the most critical in determining mission lifetime. Aptnoximately 80 watts minimum are required to operate the spacecraft and a small subset of the scientific instruments. As seen in Figures 2 and 3, the RTGs decay at different rates. It is projected that Pioneer 11 will last until 1994 and Pioneer 10 until 1997 before the power drops to 80 watts and the shunt current decreases to zero. Presently the scientific instruments on pioneer 11 are sequentially turned on and off to time-share the remaining power. It is expected that Pioneer 10 will be required to start a power-sharing program during September 1989. Pioneers 10 and 11 are proceeding in approximately opposite directions, the latter toward the nose of the heliosphere, and the former down the hypothetical tail of the befiosphere, as shown in Figure 5 . Both Voyager spacecraft are proceeding in the same quadrant of the solar system as Pioneer 11. These four spacecraft form a unique set of measurement probes to measure the three-dimensional, large-scale swdcture of the Sun's corona. Pioneers 10 and 11 have asymptotic escape velocities from the solar system of 2.4 and 2.2 AU/year, respectively, and there is a reasonable expectation that Pioneer 10 will penetrate the heliosphere boundary and pass into the interstellar medium before the radioisotope power supply outputs decrease below the level to sustain spacecraft requirements.
Currently nine scientific experiments are being conducted on the two nearly identical spacecraft. A list of the principal investigator; and their experiments is shown in Table 2 and an abbreviated list of the insmm_ent properties is given in Table 3 . These instruments are all operating normally except for the helium ve_x magnetometer on Pioneer 10 which failed one year after the Jupiter encounter and the imaging photopolarimeter which is only used for aspect determination on Pioneer 10. Two meteoroid detection experiments and a Jovian Infrm_ Thermal Structural Experiment were also turned off after their primary objectives were completed. References/1/and/2/ give a more detailed description of the experiments and their operation during the early phases of the two missions. 
SYNOPSIS OF SCIENTIFIC RESULTS
Pioneer 10 entered the center of the asteroid belt in September 1972 and the meteoroid detectors indicated much less material at small panicle sizes than had been anticipated. This spacecraft then made its closest approach to Jupiter on December 3, 1973, at 130,354 km above the cloud tops and then proceeded out to deep space in a direction opposite to that of the Sun's motion in the galaxy. Pioneer 11 followed about one year later and passed through theasteroid belt by March 1974.Its meteoroid experiments showed a decline insmall-sized panicles (0.001 ram)in the belt, an even distribution of larger panicles (0.01to0.Iram),and an increase by threefold ofparticles 0.1 to 1.0 mm in the center of the belt compared to near-Earth regions. Then Pioneer 11 made its closest encounter with Jupiter on December 2, 1974, at 43,000 kmabove the cloud tops and proceeded on a trajectory toward Saturn. A brief summary of the experimental results obtained by both spacecraft from the encounter with Jupiter is listed in Table 3 . On September 2, 1979, the Pioneer 11 spacecraft made its closest approach to Saturn at 20,930 km above the cloud tops/3,4/. A synopsis of these results is given in Table 4 . After its Saturn encounter, the Pioneer i i spacecraft is proceeding out to deep space in the same direction as the Sun's motion in our galaxy.
The next phase of the Pioneer 10 and 11 missions involves the longest period of their lifetime and is devoted m studying the heliosphere/5/. This region is dominated by the plasma envelope of the Sun and is thought to be on the order of 100 AU in distance before this solar plasma interacts with the interstellar plasma. More than one complete solar cycle has elapsed during the 17 years that the two Pioneers have been measuring the solar wind ions and magnetic field and the cosmic ray energetic particles in this extremely large region of space. Interpretation of these measurementsdependsupon baseline measurements intheregion neartheSun obtained by three otherspacecraft:
